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We read with great interest the letter from Assoumou et al. [1],
which maintains that heart rate variability (HRV) in an elderly
population was reduced by the increase in fat mass. Large epidemio-
logical studies investigating the determinants of HRV in populations
with different prevalences of obesity and cardiac diseases may help to
clarify the conﬂicting results of previous investigations regarding the
existence of independent associations between decreased HRV and
obesity, cardiovascular disorders and mortality [2–4].
Chagas cardiomyopathy, which occurs in approximately 30% of the
patients infected by Trypanosoma cruzi, is the main feature of Chagas
disease (ChD), a common endemic disease in Latin America [5]. Vagal
impairment occurs early in the natural history of ChD and may play a
physiopathological role in Chagas cardiomyopathy [6]. The recently
described actions of T. cruzi in adipose tissue and the associated
inﬂammatory effects may modify the relationship between body fat
and HRV indexes [7,8].
Thus, we aimed to investigate the relationship between HRV
indexes and body mass index (BMI) and waist circumference (WC) in
a Brazilian population of elderly individuals with a high prevalence of
ChD. We also veriﬁed whether this relationship was modiﬁed by
abdominal and global obesity or by the presence of ChD.
The present analysis was based on the baseline survey (1997)
performed by the Bambuí Cohort Study of Aging, which is a
community-based ongoing study conducted in Bambuí City (15,000
inhabitants), an area endemic for ChD in southeast Brazil. The baseline
participants included 92% (1606/1742) of all residents aged 60 years
and over. Further details of the study methodology are reported
elsewhere [9].
The measurement of HRV indexes was performed in 1334 subjects
using 10-second ECG recordings (Hewlett Packard MI700A, USA),
while the patient was taking metronome-controlled deep breaths in
the supine position [10]. Three HRV indexes were calculated: SDRR
(standard deviation of normal RR intervals), RMSSD (square root of
the mean of the sum of the squares of the differences between
adjacent RR intervals) and E:I (maximal expiratory rate over the
minimal inspiratory rate). These standard time-domain indexes have
been validated as markers of vagal tone for 10-second ECG [11].
T. cruzi infection, AM assessment, and deﬁnitions of the other
measurements performed were described in detail in a previous
article [9]. BMI was calculated using the conventional formula.
General (BMI≥30 kg/m2) and abdominal obesity (WC≥88 cm for
women and WC≥102 cm for men) were deﬁned according to the
World Health Organization (WHO) criteria [12]. ECGs were analysed
and codiﬁed according to the Minnesota code (MC) [13] and classiﬁed
as abnormal in the presence of major abnormalities [14] or of frequent
premature supra-ventricular and ventricular beats (MC 8.1.1, 8.1.2 or
8.1.3).
The outcome variables (SDNN, RMSSD and E:I ratio) were cate-
gorisedaccording to their values in tertiles.Weestimated the crudeodds
ratios (OR) for HRV indexes, AM and OR adjusted by co-variables using
ordinal logistic regression. Additionally, we introduced terms of
interaction between AM and T. cruzi infection in the models and
stratiﬁed the results based on the presence of general and abdominal
obesity. The SPSS Software Package (version 15.0, Chicago, USA) was
used for the analyses.
After the exclusion of 349 participants (320 with arrhythmias that
precluded the measurement of HRV indexes and 29 lacking AM), 985
subjects were included in the present analysis. Mean age (SD) was 68
(7) years, and mean BMI (SD) was 25.4 kg/m2 (4.8). ChD was
diagnosed in 31.7% of the population. The median values of HRV
indexes did not differ across BMI categories. The baseline character-
istics are displayed in Table 1.
BMI and WC were not associated with any of the HRV indexes
(Table 2). The lack of a relationship was not modiﬁed by either ChD
status or by the presence of abdominal obesity (data not shown).
However, when the analysis was restricted to obese subjects
(n=131), a high BMI increased the odds of being in a lower RMSSD
tertile (OR 1.12; 95% CI 1.01–1.25) (Table 3).
The different methods used for calculating the HRV indexes
may explain the differences between our analyses and those
presented by Assoumou et al. [1]. SDNN and other HRV indexes
were inversely related to body fat in their population, while in
ours, the vagal HRV indexes were not signiﬁcantly associated with
BMI and WC, except among the obese elderly, in whom increasing
BMI led to an increase in the odds of having decreased RMSSD
levels. Whereas their results were based on HRV indexes
calculated for the entire 24-hour period [1], which may reﬂect
sympathetic, vagal and neurohormonal inﬂuences, ours were
derived from short ECG tracings, in which HRV indexes are
almost completely determined by vagal modulation. Indeed,
Assoumou et al. [1] also found that indexes classically linked to
cardiac vagal modulation, such as the high-frequency component
of spectral analysis (HF) and RMSSD and PNN50 indexes of time-
domain HRV, were not associated with an increase in the Body
Fat Index.
In line with our results, other authors found either no relationship
[15] or only a marginal association between predominantly vagal HRV
indexes and measures of obesity [16,17]. A possible explanation for
these ﬁndings is that higher BMI levels may indicate greater leanmass
in elderly subjects, which has protective metabolic and cardiovascular
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effects [18]. Additionally, there is evidence from studies on obese
subjects that the increase in HRV following weight loss was
signiﬁcantly associated with improved insulin resistance but not
with AM [19]. Thus, we might explain our results on the basis that the
decrease in the cardiac vagal function can be more strongly associated
with unmeasured conditions associated with obesity than with body
fat per se. However, it warrants mention that, despite the reports of a
strong correlation between the AM and fat mass in the elderly, the
assessment of lean and fat mass by more accuratemethods could have
yielded different results [20].
In conclusion, vagal HRV indexes were not associated with BMI or
WC among the elderly individuals in the Bambuí cohort. A signiﬁcant
association was found only between decreased values of RMSSD and
BMI in the obese subjects.
This work was supported by the Financiadora de Estudos e
Projetos, Rio de Janeiro, Brazil; the Ministério da Saúde, Brasília,
Brazil; and the Fundação de Amparo à Pesquisa do Estado de Minas
Gerais, Belo Horizonte, Brazil. M.F. Lima-Costa and A.L. Ribeiro are
fellows of the Conselho Nacional de Desenvolvimento Cientíﬁco e
Tecnológico. Beleigoli; A.M. was ﬁnanced by the Programa de
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Table 1
Characteristics of the study 985 participants according to Body Mass Index (BMI) category.
Characteristics BMI category
Undernutrition (n=60) Normal weight (n=427) Overweight (n=367) Obesity (n=131) p-Value Differences
Age in years 72 (8) 69(7) 68(6) 67(6) b0.001 1N2=3N4
Female sex 50.0 52.5 63.8 82.4 b0.001 1=2b3b4
Chagas disease 46.7 34.4 27.5 27.5 0.002 1=2N3=4
Diabetes 6.7 9.4 16.9 29.0 b0.001 1=2b3b4
Waist (cm) 74 (6.5) 86 (7.0) 97 (6.8) 106 (10.5) b0.001 1b2b3b4
Systolic blood pressure (mm Hg) 132 (26) 135 (23) 138 (21) 141 (19) 0.013 1=2b3=4
Creatinine 0.85 (0.78–1.00) 0.86 (0.75–0.98) 0.84 (0.74–0.96) 0.83 (0.71–0.96) 0.067
Total cholesterol (mg/dL) 222 (45) 231(49) 239 (50) 238 (48) 0.033 1b2b3=4
ECG major abnormalities 45.0 39.1 34.6 39.7 0.343
SDRR (ms) 31.9 (18.7–45.8) 33.9 (21.0–52.4) 33.8 (20.7–51.0) 34.6 (19.8–54.0) 0.670
RMSSD (ms) 21.5 (15.8–37.2) 23.2 (15.0–36.1) 21.8 (14.8–33.5) 23.9 (14.1–38.3) 0.851
E:I ratio 1.11 (1.08–1.18) 1.12 (1.07–1.19) 1.11 (1.07–1.17) 1.11 (1.07–1.20) 0.888
Data are means (SD), percentages or median (interquartile range). p Values: for differences between BMI categories (Chi-square test for frequencies, ANOVA test for means, and
Kruskal–Wallis test for medians).
SDRR (standard deviation of normal RR intervals); RMSSD (square root of the mean of sum of squares of differences between adjacent RR intervals); E:I (maximal expiratory over
the minimal inspiratory ratio).
Table 2








BMI Waist BMI Waist
SDRR 1.01 1.00 0.99 1.00
(0.99–1.04) (0.99–1.01) (0.97–1.02) (0.99–1.01)
RMSSD 1.01 1.00 1.00 1.00
(0.98–1.03) (0.99–1.01) (0.97–1.03) (0.98–1.00)
E:I ratio 1.01 1.00 0.99 1.00
(0.99–1.04) (0.99–1.01) (0.97–1.08) (0.99–1.01)
SDNN values in tertiles are b24.793 (lowest), 24.793 tob44.721, and ≥44.721
(highest); RMSSD values in tertiles are b16.927 (lowest), 16.927 to b29.814, and
≥29.814 (highest); E:I ratio values in tertiles are b1.086 (lowest), 1.086 tob1.150, and
≥1.150 (highest); OR (95% CI): odds ratio and 95% conﬁdence intervals estimated by
ordinal logistic regression; the Wald test for parallel-lines was performed for all
models (p value varied from 0.171 to 0.973 for the unadjusted and from 0.1901 to
0.658 for the adjusted models); these results indicate that none of the models
violated the proportional odds/parallel-lines assumption. ORs (95% CI) were adjusted
for age (continuous), sex, systolic blood pressure (continuous), diabetes mellitus (no
vs. yes), log-transformed creatinine (continuous), major ECG abnormalities (no vs.
yes), and mean RR interval during the manoeuvre (continuous) in the ﬁnal
multivariate models; 985 subjects participated in the ﬁnal analyses.
Table 3
Association between vagal indexes and BMI, by obesity abdominal obesity groups.





33 to b66 ≥66
(highest)
Unadjusted Adjusted
No. (%) No. (%) No. (%) (95% CI) (95% CI)
SDNN
Obesity present 45 40 46 1.04 1.05
(34.4) (30.5) (35.1) (0.95–1.14) (0.96–1.17)
Obesity absent 280 291 283 1.02 0.99
(32.8) (33.1) (34.1) (0.98–1.06) (0.95–1.03)
RMSSD
Obesity present 45 39 47 1.08 1.12
(34.4) (29.8) (35.9) (0.99–1.19) (1.01–1.25)
Obesity absent 281 288 285 1.00 0.99
(32.9) (33.7) (33.4) (0.96–1.03) (0.97–1.01)
E:I ratio
Obesity present 43 44 44 * *
(32.8) (33.6) (33.6) * *
Obesity absent 283 288 283 1.02 1.00
(33.1) (33.7) (33.1) (0.98–1.05) (0.96–1.04)
Bold numbers indicate the only subgroup in the study, in which the relationship
between body mass index and measures of heart rate variability (RMSSD) was
statistically signiﬁcant.
SDNN values in tertiles are b24.793 (lowest), 24.793 tob44.721, and ≥44.721
(highest); RMSSD values in tertiles are b16.927 (lowest), 16.927 to b29.814, and
≥29.814 (highest); E:I ratio values in tertiles are b1.086 (lowest), 1.086 tob1.150, and
≥1.150 (highest); OR (95% CI): odds ratio and 95% conﬁdence intervals estimated by
ordinal logistic regression; the Wald test for parallel-lines was performed for all
models (p value varied from 0.039* to 0.998 for the adjusted models); these results
indicate that none of the models violated the proportional odds/parallel-lines
assumption, except for the model with E:I ratio, when obesity was present. Thus, we
performed a multinomial logistic analysis which showed that adjusted OR (95% CI)
was 0.89 (0.88–1.02) for the lowest category in comparison to the highest and OR
(95% CI) was 0.98 (0.86–1.12) for the comparison between the intermediate and
highest categories. ORs (95% CI) were adjusted for sex, systolic blood pressure
(continuous), diabetesmellitus (no vs. yes), log-transformed creatinine (continuous),
major ECG abnormalities (no vs. yes), and mean RR interval during the manoeuvre
(continuous) in the ﬁnal multivariate models; 985 subjects participated in the ﬁnal
analyses.
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A 33-year-old woman with complex congenital heart disease
(CHD) presented with acute pleuritic chest pain, dyspnoea and
hypoxia. The patient was pyrexial, tachycardic and hypotensive with
only bilateral scattered crackles. Haematinics showed haemoglobin
7∙8 g/dl and awhite cell count of 5∙5×109/l. Her C-reactive proteinwas
elevated at 259 and her INR was 4∙3 (coumadin).
Bilateral patchy opaciﬁcation of the lung ﬁelds was evident on chest
radiograph and computer tomography (CT) scanning. Empirical
intravenous antibiotics were commenced for presumed chest sepsis.
Non-invasive ventilatory support was required for type II respiratory
failure. A transoesophageal echocardiogram did not demonstrate any
evidence of endocarditis and blood cultureswere subsequently found to
⁎ Corresponding author. Tel.: +44 207 587 7748.
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be negative. Atypical infection, autoimmune and vasculitic screenswere
negative. Immunoglobulins, complements and urinalysis were normal.
The patient's complex cardiac history consists of left atrial
isomerism, double outlet right ventricle (DORV), atrial septal defect
and partial anomalous pulmonary venous drainage (PAPVD). She had
an anatomical repair of DORV and correction of PAPVD with an intra-
atrial bafﬂe aged 5. She subsequently had a transvenous pacemaker
inserted for bradycardia aged 31. Unfortunately, the ventricular pacing
wire was mal-positioned in the left ventricle having crossed a small
bafﬂe leak. This misplaced lead was thought to be the cause of a
subsequent stroke that occurred four months later. The patient was
commenced on coumadin and made a full neurological recovery. In
parallel with these events the patient was diagnosed with coeliac
disease and was compliant with a gluten-free diet.
Despite a reassuring TOE there was still concern regarding possible
endocarditis and a prolonged course of intravenous antibiotics was
completed. The ventricular pacing wire was removed as a possible
source of infection/thrombus.
The patient's condition settled but she began to experience
multiple acute episodes of severe hypoxia and rapid onset bilateral
lung inﬁltrates. There was also an episode of haemoptysis. These
recurrent symptoms extended the scope of potential differential
diagnoses to include pulmonary haemorrhage. Serial CTs during
symptomatic phases showed variable widespread ground glass
opaciﬁcation (Fig. 1). Bronchoalveolar lavage (BAL) showed predomi-
nant macrophages with positive haemosiderin on Perl's stain (Fig. 2).
Therefore, a diagnosis of idiopathic pulmonary haemosiderosis (IPH)
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